10 

0* 

CM 



PATENT SPECIFICATION 



DRAWINGS ATTACHED 
(21) Application^. 42949/68 (22) Filed 10 Sept 1963 
(31) Convention Application No. 669933 (32) Filed 22 Sept. 1967 m 
(33) United States of America (US) 
(45) Complete Specification published 18 Aug. 1971 
(51) International CiassiEcation C C9 b 4S/0 
■52-i Index a: acceptance C4P D1C 




(54) OXIDATION OF 6a3-DIHYDROQUINACRIDONES 



10 



15 



20 



25 



30 



35 



40 



45 



' mi We, E. I. Du Pont De Nemours 
and Company, a corporation organised and 
existing under the laws of the State of Dela- 
ware United States of AnMca of Witaung- 
ron State of Delaware, United States or 
Serica, do hereby declare the invention, or 
Xch we pray that a patent may be granted 
to ll andYe method by which " is to be 
performed, to be particularly described in 
and by the following statement: — 

This invention relates to the oxidation of 
6 13-dihvdroquinacridone compounds (DO") 
in aqueous medium to mixtures of the corre- 
sponding linear quinacridone (QA) and qum- 
acridonequinone (QAQ). . 

The oxidation of DQA to linear quinacri- 
done (OA) in alkaline medium with an oxid- 
ant such as sodium meta-niuobenzenesulfon- 
S (SNBS is disclosed in U S Patent Nos^ 
2 821529, 2,844,484, 2,969,366, 3,007,930 
and 3 009,916. The medium in which these 
eactfons are commonly conducted consists of 
a mixture of water and a water soluble alcohol, 
and it is possible by controlling the ratios and 
concentrations of the various components in 
the system to obtain the QA in the desired 
crvstal chase. The presence of a water soluble 
SXoHn Se system precludes the formation 
of anv QAQ in significant amounts 

US Patent No. 3,148,075 describes a 
method of oxidizing DQA to a mature of 
QA and QAQ utilizing similar types of oxid- 
ants the essential difference between the pro- 
cess'of this patent and that of its predecessors 
bein- that the oxidation is conducted in an 
essentially aqueous medium at a pH above 
13 However, a small amount of an organic 
liquid in the reaction medium which may 
facilitate the production of solid solutions is 
permissible (Col. 3, lines 27-33, mclusiye) 
The patent lists permissible organic liquids 
which are useful for this purpose (Col. 3, 
i; nes 34—40, inclusive) but warns that the 
amount of organic liquid should be kept very 
1 0W " and that "the use of larger 

amounts of such liquid in the reaction results 
in a linear quinacridone product rather than 

[Price 25p] 



a mixture of quinacridone and quiuacridone- 
quSone" (Col 3, lines 40-46), Anally, the 
highest ratio of QAQ/QA attainable by the 
method described in U.S Patent No. 
3 148 075 is of the order of 35/65, the re- 
mainder being QA. The patent does not sug- 
gest any modification of the procedure which 
might lead to significantly higher proportions 

of QAQ. . ., 

We have now discovered a process for oxid- 
iz ; n<r DQA compounds in alkaline medium 
which results in high proportions of the cor- 
responding QAQ compound. According to the 
present invention we provide a process tor 
preparing a mixture of a quinacridonequinone 
and a quinacridone which comprises oxidiz- 
ing in an alkaline medium, a corresponding 
dihydroquinacridone of the general formula 
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wherein Rx and R 23 which may the same or 
different are a halogen atom, an alkyl group 
of from' 1 to 3 carbon atoms, or an alkoxy 
<n-oup of from 1 to 3 carbon atoms, and a and 
b which may be the same or different are 0, 
1, or 2, in the presence of a compound of the 
formula 
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wherein R, is as defined above for R, and R„ 
•is 0 1, 3, or 4, — Y is the group 
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10 Kg» o F n I ™=Lr crton atom (,=. c .. 
preferably 1). 



T Th?dS is a plot of the weight percent- 

ula II compound present during the ox.dat.on, 

" While Ac process of the present invention 
20 haf beL Amplified in the fo lowing ex- 
amoles with SNBS as oxidizing agent, other 
oxidiz ng " gents may be used such as n.tro- 
b'nzene p-nitrotoluene, «-mtrophcnol, p- 
Skrobenzoic acid, ,«-nitrobenzo,c ac.d 4- 

25 Sitrophthalic acid, and sodium 2-meth>l-5 
nitro-benzenesulfonate. 

The dihvdroqu nacridones that may oe 
o^ized bv this procedure as defined in For- 
muh % "dud/ unsubstituted dihydroqujj 

10 f-r done as well as both symmetrically and 
unsvmmetrkam substituted dihydroquin- 
Sdones. Examples of sue isubsu uted d- 
hvdroquinacridones are 2,9-d,methyl-6 , 13-d. 
Indroauinncridonc, 2,9-difluoro-6,13-dih>dro- 

35 auinacSnc. 2.9-dichloro-6,13^hydroquin- 
Sonf £ll-dichloro-6,13-dihydroquinacri- 
done 4 11-d ra ethvl-6,13-dihydroqu.nacndone 
f 9 dimethoxy-6,13-dih^roquinacndone and 
4:chloro-6,13-dihydroquinacridone The sub- 

40 stituted dihydroquinaaidones produce toh a 
substituted quinacridone and a substitutea 
auinaaidonequinone, wherein. the subsutucn « 
are in the same relative positions respectively 
as they are in the starting material. 

45 The amount of oxidizing agent used may 
vary over a wide range. As little as 1 mole of 
Ihc oxidizing agent per mole of d.hydroquin- 
acridone will convert the dihydrocompound to 
a rSre of quinacridone. and qu.nacr.done- 

50 quinone. The upper range is determined [sole > 
bv economic considerations. It is |«fa»l» 
use 1 '0 2 moles of oxidizing agent per mole 
of dihvdroquinacridone. Since most dihydro- 
quinacridone compounds show characteristic 



fluorescence under ultraviolet light, this pro- 55 
nerty may be used to advantage to determine 

^ oxidized. In general, longer reaction times 

ta« no adverse" effect on the reaction pro- & 

d!I v" ,So-.vn in the following Examples, , the 
n-iiu-"- mav be obtained under conditions 
vilHead to a mixture of a linear qum- 
I:- don and a quinacridonequinone or to a 

or a quinacridonequinone, or with bom or 
these In addition to sodium metanilate (SMA 
ard sodium sulfanilate, aniline derivatives as 
defined by Formula II above may be used to 
dfrec the oxidation reaction.and P/omote he 
To m 'ion of higher propomons of the quin- 
acridonequinone in the ox.dat.on of a d.hyd 
^quinacridone. Substituents, R» which P w- 
motc the solubilization in an aqueous alkaline 
solution are particularly desirable. Typical 
su S agents include pottasium metamla e, 85 
Sum 3-amino-5-chloro-benzenesu fonate, 
sodium 3-amino-5-methyl-benzenesu ona e, 
°„ ™ 3_ am ino-5-ethoxv-benzenesulfonate, 
S p° Sum sXnilate, sodium orthan, ate 
sodium anthranilate, sodium m-aminobenzo 
ate, and sodium p-aminobenzoate 

f h* products of the process of the present 
invention are useful as pigments. 

In the Examples which follow, the ratio 
of QAQ to QA in the product is determined 95 
?pe?tfophotometrically in sulfuric acid 1 solu- 
k>n For this purpose it has been found ad- 
vantageous to use the absorption peak at 597 
T for QA and that at 430 m, for QAQ 
The actual per cent of QA or QAQ is calcu 
2d in terms of a known reference standard 
for each. A typical calculation for QA is as 
follows: 



£! k ^Suction coefficient, of solution of 105 
reference standard quinacridone 
d = Optical density of solution of reference 

standard quinacridone 
c=Concentration (grams/1/! of solution 

of reference standard quinacridone 
1 =path length in cm. of reference stand- 
s' =E"tinction coefficient of solution of 

quinacridone sample . 1t e 

d' = Optical density of solution of quin- i« 

acridone sample 
C ' = Concentration (grams/1.) of solution 
of quinacridone sample 
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1'= sample path length in cm. 



(1) k=- 
c 1 



(2) k'=- 



d' 
c'l' 
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5 The following Examples, in which all parts 
are by weight, are given" by way of illustra- 
tion only. Example 2 is included for the pur- 
pose of comparison. 



Example 1 

10 Twenty parts of SNBS (0.089 mole) and 
17.3 parts of SMA (0.089 mole) are added 
to a solution of 20 parts of sodium hydroxide 
in 113 parts of water. The mixture is stirred 
at 35— 40°C. for 1 hour and then 10 parts 
15 (0.0318 mole) of unsubstituted 6,13-dihydro- 
quinacridone is added and the mixture is 
heated gradually with stirring to reflux tem- 
perature. Refluxing is continued for 4 hours, 
after which 500 parts of water is added and 
20 the product is isolated by filtration, and 
washed free of soluble base. The product is 
then treated with 175 parts of concentrated 
hydrochloric acid and the mixture is refiuxed 
for 1/2 hour. The product is isolated by fjlt- 
25 ration, washed free of soluble chloride ion 
and dried. It has a QAQ/QA ratio of 6.47. 

While the infrared absorption spectrum of 
the original product isolated after the oxida- 
tion shows no absorption band at 430 m//., 
30 w hich is typical of QAQ since the QAQ pre- 
sent at this point is in the form of the sodium 
salt of the enol isomer, after treatment of the 
product with hydrochloric acid and isolation, 
the infrared absorption spectrum shows a 
35 strong band at 430 m/>., indicating the pre- 
sence of QAQ in the quinone form. 

When the procedure of this example is 
repeated except that the SNBS is omitted, no 
perceptible oxidation of the unsubstituted 
40 6,13-dihydroquinacridone occurs, even after 4 
hours of refluxing. However, when the regu- 
lar amount of SNBS is introduced into the 
reaction mixture, an immediate color change, 
indicating oxidation of the unsubstituted 6,13- 
45 dihydroquinacridone, takes place, this demon- 
strating that the SMA per se does not oxid- 
ize the unsubstituted 6,13-dihydroquinacridone 
and that a separate oxidant is necessary. 
' When the procedure of this example is 
50 repeated except that a reaction medium of 
60 parts of water and 80 parts of methanol 
is used instead of 113 parts of water, a pro- 
duct having a QAQ/QA ratio of 0.66 is ob- 
tained. 100 parts of the 0.66 QAQ/QA pro- 



duct is milled and processed following the 55 
technique of Example 14 of U.S. Patent No. 
3,160,510 to form a solid solution of the 
components. The dry pigment so formed is 
suspended in 1000 parts of dimethylform- 
amide, heated at the boil under reflux for 60 
about 20 hours, cooled, filtered, washed free 
of solvent, and dried to give a maroon pig- 
ment of strength, lightfastness and x-ray dif- 
rracror pattern similar to that of the product 
cf Exani-le 15 of U.S. Paten: No. 3/i60 ; :10. 65 

When 'the procedure cf this example is re- 
peated except that 15.4 g of sulfanilic acid is 
substituted for the SMA, a product with a 
QAQ/QA ratio of 3.91 is obtained. 

Examples 2—9 70 
The procedure of Example 1 is followed 
except that the mol ratio of SNBS/SMA is 
varied as indicated, producing variation in the 
QAQ/QA ratio, as shown in the drawing and 
as reported in the Table. 75 



Example No, 
2 
3 
4 
5 
6 
7 



Table 
SNBS/SMA 
(mole 
ratio"* 
1/0' 
1/0.1 
1/0.2 
1/0.3 
1/0.4 
1/0.6 
1/0.3 
1/1.1 



QAQ/QA 
(weight 
ratio) 
0.48 
0.84 
1.27 
1.56 
1.89 
2.46 
2.85 
6.79 



80 



85 



Total yields in the foregoing examples range 
from 81—94% of theory with the highest 
yields being obtained in those cases where SKI 
the larger amount of SMA is used. 

The product from Example 8 is ball milled 
with 900 parts of crystalline sodium chloride 
and subsequently processed as outlined in 
detail in Example 14 in U.S. Patent No. 95 
3,160,510. The resulting product has an X- 
ray diffraction pattern corresponding to that 
found in the product of Example 14 of U.S. 
Patent No. 3,160,510. The similarity of this 
diffraction pattern to that of pure QAQ and 100 
the absence therefrom of any characteristic 
lines of linear quinacridone per se indicate 
that the final product is a solid solution of 
QA in QAQ. This reddish-yellow pigment is 
of interest because of its good intensity and 105 
lightfastness. 



WHAT WE CLAIM IS: — 

1. A process for preparing a mixture of a 
quinacridonequinone and a quinacridone which 
comprises oxidizing, in an alkaline medium, a 110 
corresponding dihydroquinacridone of the 
general formula 
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.- v F R~ which may be the same or 
•^ifieren-. are a halozen atom, an aikyi group 
of' from' 1 to 3 carbon atoms, or an alkoxy 
.roup of from 1 to 3 carbon atoms, and * and 
7 which may be the same or different, arc 
0, 1 or 2 in the presence of a compound of 
the general formula: 




Y — X 



he) 



o 

li 

— C— 0— , 

and -X is sodium or potassium 

■> \ process according to Claim 1 wherein 
,he' compound of formula I is dihydroqum- 
acridone and the compound of formula II u 

sodium metantlatc. 
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Process according to Claim 1 or 2 
, d . rs: n „ oxidizing agent there u used 
nitrobenzene, sod.um «-mtrobenze nesulfon- 
aw. p-nhrotoluene, w-n.trophenol, p-n ro- 
benzoic acid, «-oitrobcn*nc aad 4-n ro- 
phthalic acid or sod.um 2-methyl-5-n.tro 
benzenesulfonate. wherein 

4 A process according to Claim 2 wherein 
the oxidizing agent is sodium £«W b »5 
sulfonate and wherein the mole ratio of saw 
sodium .-nitrobenzene sul onate to sod.um 
metanilate is from 1/0.1 to 1/1.1. 

5 A process according to Claim 1 wherein 
the compound of formula I " dihydroquin- 
acridone and the compound of formula II is 
sodium sulfanilate. . • .„„ nf a 

6 A process for preparing a mixture of a 
quinacridonequinone and a qumaendone from 
S corresponding dihydroqu.nacr.done substan- 
tially as described in any of Examples 1 or 3 

10 7 A mixture of a quinacridonequinone and a 
quinacrSone when "produced by the process 
claimed in any of Claims 1 to 6. 

A A THORNTON & CO., 
Chartered Patent Agents, 
Northumberland House, 
W/306 High Holborn, London, W.C.I. 
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